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Tntroductioni 

The  existence  of  olootrlo  fields  with  eoaponents  parallel  to  tho 
■asset lo  flold  at  low  altitudes  in  the  auroral  regions  has  bees 
recognised  for  soae  tlae.  Attention  has  fooused  on  eleotrlo  fields  which 
are  dlreoted  upward  at  the  center  of  the  inverted-?  structure,  sinoe 
upward  parallel  electric  fields  are  responsible  for  the  acceleration  of 
aagnetospherio  electrons  which  cause  the  aurora  (Frank  and  Aekerson, 

1971;  Gurnett  and  Frank,  1973;  Misers  and  Fennell,  1977;  Moser  et  al., 
1980;  Misers  et  al.,  1981).  The  duplications  of  upward-directed  parallel 
electric  fields  on  the  aurora  and  eagsetosphere- ionosphere  coupling  have 
been  reviewed  recently  by  Kan  and  Akasofu  (1981)  and  Chiu  et  al.  (1982). 
While  evidence  for  upward  parallel  eleotrlo  fields  is  plentiful,  it  is 
theoretically  and  obaervationally  important  to  investigate  the  question 
of  the  existence  of  downward  parallel  eleotrlo  fields.  Chiu  et  al. 

(1981)  hypothesised  downward  parallel  eleotrlo  potentials  of  ~100  volts 
to  be  generators  of  the  auroral  return  current  outside  of  inverted-? 
structures.  More  reoently  evidence  concerning  the  existence  of  suoh 
parallel  eleotrlo  fields  directed  downward  into  the  earth's  ionosphere 
(e.g.,  Kluapar  and  Helkkila,  1982;  Buroh  et  al.  1982)  has  aounted.  The 
lapllcstlons  of  downward  eleotrlo  fields  have  not  been  studied 
thoroughly,  though  their  laportanoe  to  suoh  processes  as  the  dayside 
region  I  Birkeland  currents  and  ion  conic  formation  can  be  recognised 
easily. 

As  was  the  case  for  upward  dlreoted  electric  fields,  evidence  for 
the  existence  of  downward-directed  fields  has  ooae  aainly  froa  signatures 
of  the  fields  in  the  distributions  of  energetio  oharged  particles.  Sharp 


et  al.  (1980)  and  Lin  at  al.  (1982)  reported  counter-streaming  electron 
beams  at  high  altitudes  using  data  from  the  S3-3  end  DE-1  satellites. 
These  counter-streaming  flows  were  attributed  to  bi-directional  double 
layers  above  and  below  the  point  of  observation.  Klumpar  and  Heikkila 
(1982)  discovered  field-aligned  upf lowing  electrons  at  low  altitudes 
using  data  from  the  ISIS-2  satellite.  These  electron  fluxes  were 
extremely  intense  (fluxes  in  excess  of  lO^/em^  sec  ster  at  .5  keV) 
and  aligned  to  within  10°  of  the  local  magnetic  field.  Since  these 
fluxes  were  well  within  the  atmospheric  source  cone  Klumpar  and  Heikkila 
suggested  that  the  beams  were  due  to  runaway  electrons  from  a 
low-altitude  downward  electric  field.  The  beams  observed  on  ISIS-2  were 
correlated  with  observations  of  transversely  heated  ions  and  downward  net 
field-aligned  current.  Burch  et  al.  (1983)  reported  similar  observations 
/Tom  the  high  altitude  DE-1,  and  extended  the  analysis  to  show  that  the 
upflowlng  electron  pitch  angle  and  energy  distribution  were  consistent 
with  a  downward  field-aligned  electric  potential  drop  at  low  altitude. 

Direct  measurements  of  parallel  electric  fields  are  quite  difficult, 
particularly  in  view  of  the  small  electric  field  amplitudes  suggested  by 
the  energetic  particle  data.  Mozer  (1980)  presented  observations  of 
perpendicular  electric  fields  at  low  altitude  (1500  km)  which  were 
consistent  with  the  hypothesized  presence  of  a  downward-directed  parallel 
eleotrlo  field.  These  electric  field  events  were  also  associated  with 
perpendicularly  heated  ions  and  low  frequency  electrostatic  turbulence. 

Each  of  the  above  data  sets  provide  intriguing  evidence  for  the 
existence  of  downward  electric  field  events  at  low  altitude,  however  the 


aaaooiation  of  apparent  downward  field  events  with  tranversely  heated 
ions  has  been  regarded  as  incidental  rather  than  causal.  In  this  paper, 
S3-3  energetic  partiole  data  indicative  of  a  downward  parallel  electric 
field  at  low  altitudes  are  presented  to  argue  for  a  causal  connection 
between  downward  parallel  electric  fields  and  ion  heating.  The  data 
include  observations  of  upward  field-aligned  electron  beams  in  regions 
where  precipitating  electron  fluxes  are  suppressed.  Evidence  of  downward 
acceleration  of  ions  and  locally  mirroring  ion  conics  is  also  present. 

It  is  argued  that  the  presence  of  a  downward  electric  field  may  have 
Important  consequences  for  ion  conic  heating,  and  might  in  fact  be 
required  for  the  observed  heating  of  ions  to  several  hundred  electron 
volts . 

Observations: 

The  data  for  this  study  were  acquired  by  the  Aerospace  electrostatic 
analyzer  onboard  the  polar-orbiting  S3-3  satellite  between  5000  and  7000 
kilometers  altitude.  A  clear  example  of  upflowing  electron  beams  was 
observed  on  Day  237,  1976,  between  18400-19800  seconds  Universal  Time. 
During  this  time,  S3-3  passed  over  the  dayside  aurora  at  invariant 
latitudes  between  75  and  80  degrees  and  magnetic  local  time  near  11.3 
hours.  Magnetic  activity  was  disturbed,  with  Kp>4  for  the  preceding  18 
hours. 

An  example  of  an  upflowing  electron  event  is  shown  in  Figure  1. 
Contours  of  electron  distribution  function  are  plotted  in  logarithmic 
increments.  (For  example,  the  contour  labeled  2  represents  a 
distribution  function  value  of  10^sec3/km^) .  The  horizontal  axis 
refers  to  velocities  parallel  to  the  magnetic  field  direction,  with  >v, 
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being  dovnf lowing  and  -Vy  upf lowing.  The  asymptotic  100  loo  loss  cone 
angle  Is  Indicated  In  the  upf loving  hemisphere.  The  data  plotted  in 
Figure  1  were  acquired  over  a  19  second  Interval  centered  on  19557  0.  T., 
and  show  a  fairly  isotropic  precipitating  component  and  a  very 
anisotropic,  field-aligned  upf loving  component.  The  field-aligned 
upf loving  component  lies  entirely  within  the  atmospheric  loss  cone,  and 
extends  to  energies  as  high  as  a  keV.  This  distribution  is  quite  similar 
to  that  shown  in  Figure  2  of  Burch  et  al.  (1983)  which  shows  a  much  lower 
energy  event  observed  with  DE-1  at  high  altitude. 

Burch  et  al.  argue  that  the  energy-pitch  angle  distribution  of  the 
upflowlng  electron  event  is  consistent  with  that  expected  from  a  downward 
electric  potential  drop  below  the  point  of  observation.  Although  the 
energy  and  pitch  angle  sampling  of  the  DE-1  and  S3-3  instruments  leads  to 
difficulty  in  making  a  conclusive  argument  for  the  particle  signature 
being  due  to  a  downward-directed  electric  field,  it  is  clear  that  the 
upflowlng  source  cone  electron  flux  exceeds  the  downcoming  flux  at  all 
energies.  The  upflowlng  beam  cannot  be  due  to  atmospheric  backscatter  of 
the  precipitating  component,  and  indeed  upward  acceleration  cf 
ionospheric  plasma  is  implied. 

During  the  period  in  which  upward  acceleration  of  electrons  was 
observed  an  apparent  suppression  of  the  precipitating  electron  flux  was 
also  observed.  This  suppression,  in  energy,  is  demonstrated  in  Figure  3, 
which  shows  precipitating  electron  distribution  functions  versus  energy 
observed  just  before  (19395  U.  T.)  and  during  (19557  U.  T.)  an  upflowlng 
electron  beam  event.  Note  that  while  the  precipitating  spectral  shape 
remains  the  same,  the  spectrum  appears  to  be  suppressed  during  the 
upflowlng  electron  beam  event.  This  observation  might  imply  that  the 


downward  electric  field  responsible  for  the  upflowing  electron  bean  night 
extend  above  the  satellite,  thereby  suppressing  the  precipitating 
electron  flux. 

If  the  downward  parallel  electric  field  were  to  extend  to  higher 
altitude  one  might  hope  to  see  signatures  of  the  field  in  the 
precipitating  ions  as  well.  Indeed,  the  average  energy  and  flux  of 
precipitating  ions  does  increase  in  the  vicinity  of  the  electron  beam 
observations.  Unfortunately  it  is  not  possible  to  interpret  signatures 
in  the  downflowing  ion  distributions  uniquely  in  terms  of  acceleration  by 
parallel  electric  fields  since  effects  such  as  velocity  dispersion  due  to 
convection  are  significant  in  the  dayside  region  (Reiff  et  al.,  1977; 
Burch  et  al.,  1982;  Gorney,  1983) •  One  to  one  comparisons  of  ion  and 
electron  acceleration  or  suppression  are  therefore  not  appropriate. 
Nevertheless  the  increase  in  flux  and  average  energy  of  the  precipitating 
ions  in  the  vicinity  of  the  upflowing  electron  beams  is  at  least 
consistent  with  an  enhanced  downward  acceleration. 

An  example  of  the  observed  ion  distributions  is  shown  in  Figure  2  , 
which  is  in  the  same  format  as  Figure  1 .  Note  that  the  ion  velocities 
indicated  in  Figure  2  are  based  on  measurements  of  energy  per  charge,  and 
H+  composition  has  been  assumed.  The  ion  distribution  essentially 
consists  of  two  populations.  The  downflowing  population  is  fairly 
isotropic  in  pitch  angle,  although  a  broad  field-aligned  beam  can  be 
discerned  with  a  peak  in  parallel  velocity  at  about  v# *  480  km/sec.  It 
cannot  be  argued  that  the  observed  peak  in  velocity  is  entirely  due  to 
parallel  acceleration.  Rather,  it  is  more  likely  that  the  signature  is 
due  to  the  combined  effect  of  velocity  filtering  of  newly  injected  cusp 
ions  and  subsequent  downward  acceleration. 
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The  second  ion  population  which  is  observed  is,  of  course,  an  ion 
conic.  The  conic  has  a  large  pitch  angle  anisotropy,  and  is  peaked 
nearly  perpendicular  to  the  magnetic  field,  but  slightly  upf lowing 
(a  >100°-  110°).  A  conical  signature  extends  up  to  about  340  km/sec 
(—600  eV),  which  is  comparable  to  the  energy  of  the  observed  electron 
beams.  If  the  electron  beams  were  interpreted  as  being  due  to  a 
parallel  potential  drop  between  the  ionosphere  and  satellite  ( —  1  keV 
over  5000  km),  an  average  parallel  electric  field  of  £.2  mV/m  is 
implied.  This  value  is  comparable  to  estimates  based  on  other  data  seta 
(e.g.,  —  0.1  mV/m  from  the  data  of  Klumpar  and  Heikkila,  1982;  &0.1  mV/m 
from  Burch  et  al.,  1983),  although  less  than  the  10  mV/m  inferred  by 
Mozer  (1980).  As  in  these  other  studies  the  observed  field-aligned 
current  density  in  regions  of  apparent  downward  electric  field  was 
significant  (  —  .4  fi  A/m2)  and  downward  (see  also  Kintner  and  Gorney, 
1984). 

Dlacttaalon: 

The  previous  section  describes  S3-3  energetic  particle  observations 
in  the  low  altitude  dayside  auroral  region  that  are  consistent  with  the 
presence  of  downward  parallel  electric  fields  with  magnitude  of 
approximately  0.2  mV/m.  Evidence  for  the  downward  electric  field  comes 
from  observations  of  upward  flowing  electron  beams,  suppression  of 
precipitating  electrons  and  enhancements  of  precipitating  ion  flux.  The 
downward  electric  field  regions  are  coincident  with  observations  of  ion 
conics  and  evidence  from  other  satellites  indicates  that  downward 
electrio  fields  tend  to  occur  in  regions  of  net  downward  field-aligned 


currents . 


Among  the  many  possible  consequences  to  theories  of 


magnetosphere-ionosphere  coupling  that  downward  electric  fields  in  return 
current  regions  might  have,  the  effect  on  ion  conic  formation  itself  is 
perhaps  most  easily  demonstrated.  The  most  common  conception  of  the  ion 
conic  formation  process  Involves  perpendicular  ion  heating  at  low 
altitudes  by  wave-particle  interactions  and  subsequent  upward  propagation 
of  the  hot  ions  under  the  action  of  the  magnetio  mirror  force.  In  fact, 
ion  conics  derive  their  name  from  the  conical  velocity  distribution 
thought  to  be  produced  by  the  action  of  the  magnetic  mirror  force.  A 
downward  electric  field  imposed  on  the  ion  conic  formation  region  would 
modify  this  focusing  process  of  the  magnetic  field.  Downward  parallel 
electrlo  potential  drops  of  sufficient  magnitude  could  balance  or 
overcome  the  mirror  force  on  hot  ions,  trapping  them  at  low  altitude  and 
preventing  ion  conics  from  propagating  upward  until  their  kinetic  energy 
becomes  greatly  enhanced  through  multiple-pass  wave-particle  heating. 

For  trapping,  the  downward  force  due  to  the  electric  field  must  at 
least  balance  the  magnetio  mirror  force.  That  is, 

qE«  -  "a*  ~dZ  (1) 

where  q  is  the  charge,  H  the  magnetic  moment,  6^ is  the  perpendicular 
energy  and  z  is  the  distance  along  the  magnetic  field  line.  The  critical 
parallel  eleotrio  field  for  trapping  is  approximately 

/  1 1-  —  t  r  \  \ 
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As  an  example ,  for  *  100  e¥  at  2000  km  altitude  (typical  ion  conio 
parameters)  we  get  EjSs.04  mV/m.  Por  a  distributed  electric  field  this 
corresponds  to  a  potential  drop  of  40  volts  per  1000  kilometers.  Note 
that  the  parallel  eleotric  field  required  to  trap  a  100  eV  perpendicular 
ion  conic  at  low  altitude  is  quite  reasooable  compared  with  that  inferred 
from  S3-3i  ISIS-2,  and  DE-1  observations.  This  implies  that  ion  conic 
trapping  can  occur  not  only  in  the  cases  where  downward  fields  have  been 
observed  but  also,  possibly,  in  cases  where  the  signatures  of  downward 
fields  are  below  the  measurement  thresholds  of  present  instrumentation. 
Ion  trapping,  enhanced  heating,  and  escape  might  be  quite  general 
sequence  of  events  leading  to  ion  conics. 

The  trajectories  of  ions  in  a  region  of  downward  parallel  electric 
field  and  heating  could  be  quite  complicated  and  strongly  dependent  on 
the  distribution  of  electrlo  fields  and  heating  in  altitude.  Further,  a 
description  of  the  ion  distribution  function  within  and  above  a  trapping 
environment  would  require  a  rather  thorough  theoretical  treatment. 
However,  some  Important  characteristics  of  ion  trajectories  in  a  trapping 
environment  can  be  demonstrated  using  a  straightforward  test-particle 
approach  (see  also,  Chang  and  Coppl,  1981).  Although  test-particle 
calculations  cannot  reproduce  effeots  due  to  the  collective  behavior  of 
the  plasma  (e.g.,  diffusion),  valuable  information  can  be  gained  on  the 
acoess  of  particles  to  regions  of  space  and  velooity  space. 

The  intent  is  to  describe  the  trajectory  of  an  ion  in  velooity  (v( , 
Vj,  )  and  distance  along  a  magnetio  field  line  (z)  including  the  effeots  of 

a  parallel  eleotrio  field  (Eg),  perpendicular  energy  gain  due  to  wave- 

/dSi  \ 

partlole  interactions  \  -Jr  /  ,  end  parallel/perpendicular  momentum 


transfer  due  to 


propagation  along  a  converging  magnetic  flald 
.  Thus,  ttaa  parallol  momentum  aquation  can  ba  writ tan 
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where  all  tba  symbols  have  their  standard  meanings.  In  this  fora  z 
represents  distance  along  a  flald  llna  and  lnoraaaaa  with  Increasing 
altitude.  Tba  perpendicular  energy  of  the  particle  la  deteralned  by 
propagation  of  tba  part  Ida  along  tba  converging  aagnatlo  field,  but  is 
aodlfled  by  wave-particle  perpendicular,  acceleration.  Thus, 


v»£l 


d  In  B 

Ifz 


+ 
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Presumably  one  could  use  quaaillnear  theory  to  dateralna  tba 
perpendicular  acceleration  tera  for  an  Interaction  of  ions  with  a 
particular  wave  node  (be  It  lower  hybrid  or  ion  oyolotron  waves  for 
example),  but  for  this  demonstration  both  the  wave-particle  beating  tern 
and  the  parallel  eleotrlo  field  will  be  treated  as  parameters.  Including 
the  propagation  of  the  particle  along  the  magnetio  field  s  which 

la  assumed  to  have  the  fora  B  ■  Bq  (z0/x)3,  the  following  system 
can  be  solved  Iteratively  for  the  trajeotory  In  veloolty  (vH,  vx)  and 
altitude  (h  «  s  -  1). 


CE«  +  ~2~ 


(1+h) 


The  parallel  electric  field  and  wave  particle  interaction  terns  are 
specified  by  the  model.  For  in  eV/sec ,  E„  in  mV/a,  b  in  R. 

\  at  /ypj 

and  velocities  in  ca/sec ,  the  model  constants  are:  A  *  4.71  x  10~9, 

B  *  1.92  x  10+12  and  C  *  9.58  x  10®  for  hydrogen  ions. 

Using  equations  (3* ) *  (4*)  and  (5)  it  is  possible  to  demonstrate  the 


properties  of  a  trapping  environment  using  a  simple  model  which  inoludes 
both  heating  and  downward  parallel  electric  field  at  low  altitudes.  The 
model  used  here  simply  inoludes  both  a  uniform  parallel 
electrio  field  EK  *  -0.1  mV/n  and  a  uniform  perpendicular  heating 
rate  i~^)  *1.0  eV/seo  over  the  altitude  range  0.1  Re  <  h  < 

1Re.  This  model  is  not  meant  to  represent  any  particular  set  of 
observed  values  but  on  the  other  hand  is  not  at  all  unrealistic.  A 
sample  ion  trajectory  is  shown  in  Figure  4a. 

Figure  4a  shows  the  evolution  of  an  ion  trajectory  in  perpendicular 
velooity  and  altitude.  The  ion  is  released  at  zero  velooity  at  an 
altitude  of  0.1  and  the  resulting  trajectory  (1)  is  plotted  at  one 
second  time  Intervals.  Initially  the  particle  is  energized  by  the 
simulated  wave-particle  interaction.  Once  it  acquires  significant 
perpendicular  energy  the  particle  is  forced  upward  due  to  the  magnetic 
mirror  force.  The  particle  propagates  upward,  exchanging  perpendicular 


for  parallel  none ntua,  but  loslac  kinetic  energy  because  of  tbo  downward 
parallel  olootrio  flold.  Eventually  tbo  portiolo  is  roflootod  and,  is 
this  model,  executes  s  number  of  trsppod  bouaoos  while  gsialag  more 
porpoadioulsr  energy  through  wave-partlole  scoolormtion.  Not*  that  in 
•scouting  tho  trsppod  portion  of  tho  trajectory  tho  highest  portiolo 
energy  occurs  at  tho  low-altitude  aJLrror  point  and  tho  altitudes  of  tho 
lower  airror  points  reaain  fairly  oonstant.  Tho  portiolo  osoapos  tho 
trap  after  aoquiring  suffioient  energy,  but  nooessarily  osoapos  with 
soaewhat  loss  kinetic  energy  than  it  has  available  at  its  low-altitude 
airror  point.  In  tho  oase  shown  tho  portiolo  escapes  at  a  pitch  anglo  of 
135°  and  an  energy  Just  under  200  of,  whereas  it  attains  an  enargy  well 
above  600  of  within  tho  trapping  region.  For  reference,  a  second 
trajectory  (2)  is  plotted  which  describes  the  ion  notion  in  the  absence 
of  a  parallel  olootrio  field.  In  this  oase  [with  the  saae  heating  rate 
as  oase  ( 1 ) ]  the  ion  would  gain  a  aailaua  of  Just  under  100  of  kinetic 
energy. 

Figure  4b  shows  a  ooaposite  of  several  ion  trajectories ,  starting 
over  a  range  of  altitude  froa  .05  R«  to  0.2  R*.  All  of  the 
trajeotories  plotted  in  Figure  4a  are  quite  similar  to  the  trapped 
trajectory  shown  in  Figure  4b,  ind looting  a  low  sensitivity  to  the  ion's 
initial  altitude.  The  low-altitude  airror  points  of  the  heated  ions  all 
occur  near  the  saae  altitude;  naaely  the  altitude  at  whioh,  for  a  given 
energy,  the  eleotrlo  field  foroe  is  ooaparable  to  the  airror  foroe.  In 
this  aodel,  then,  the  airror  points  of  the  ions  do  not  neoessarlly 
Indicate  the  prlaary  beating  region  or  the  region  of  aaxlaua  eleotrlo 
field,  but  rather  the  low-altitude  boundary  of  the  parallel  eleotrlo 


field.  Ia  faot,  slaoe  the  Ions  simply  accumulate  the  effeeta  of  the 
perpeadloular  heating  within  the  trap,  the  distribution  or  magnitude  of 
beating  is  virtually  Inconsequential .  For  very  low  heating  rates  the 
— ion  energy  would  be  determined  by  the  magnitude  of  the  parallel 
potential  drop.  This  feature  might  explain  why  observed  wave  amplitudes 
are  not  particularly  large  In  regions  of  perpendicular  Ion  eonlea 
(Klntner  and  Oorney,  1984).  The  model  also  Implies  that  low  altitude 
conios  within  the  trap  should  be  more  energetlo  than  those  which  escape, 
since  Ions  must  lose  klnetlo  energy  to  overcome  the  eleotrlo  potential 
barrier.  This  altitude/energy  relationship  oould  possibly  be  tested  by 
surveying  existing  data  sets.  If  the  altitude  distribution  of  downward 
eleotrlo  fields  Is  similar  to  that  within  the  inverted-?,  it  is 
oonoelvable  that  most  oonlo  observations  from  low-altitude  spaeeoraft 
have  been  acquired  within  rather  than  above  the  trapping  region. 

Finally,  it  should  be  noted  that  this  model  Implies  no  clear  relationship 
at  low  altitudes  between  observations  of  oonios  and  electron  beams  sinoe 
oonlo  energies  are  expeoted  to  peak  at  very  low  altitudes  and  electron 
beam  energies  peak  at  high  altitudes.  Nevertheless,  upf lowing  electron 
beams  are  probably  the  oleareat  signature  of  the  presenoe  of  a  downward 
parallel  eleotrlo  field,  and  a  comprehensive  survey  of  their  ooourrenoe 
pattern  Is  warranted. 

Figure  5  shows  the  evolution  of  Ion  plteh-angle  distributions  In 
altitude.  To  oonstruot  Figure  5,  40  partiole  trajectories  were  run 
simultaneously  with  initial  positions  equally  spaoed  In  altitude  between 
0.05  Ra  <  h  <  0.2  B9  and  aero  Initial  velooity.  The  particles'  pitch 
angles  were  sampled  at  altitudes  1000  km,  5000  km,  6000  km  and  7000  km. 
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Figure  5.  A  Plot  Showing  Che  CoapuCed  Ion  Plcch  Angle 
Distributions  at  Altitude*  lOOO,  SOOO,  6000 
and  7000  lea. 


These  pitch  angle  "densities"  are  labeled  1 ,  5 »  6,  and  7  in  the  figure 
respectively.  As  expected ,  the  pitch  angle  distribution  at  1000  km 
altitude  is  sharply  peaked  at  90 °,  with  a  slight  bias  toward  the 
upf lowing  direction.  The  pitch-angle  distribution  at  5000  km  altitude 
(within  the  trapping  region  in  this  model)  is  somewhat  bimodal  or 
counterstreaming,  again  with  the  upf lowing  density  exceeding  the 
downflowing  density  due  to  the  escape  of  some  fraction  of  the  particles 
from  the  trap.  The  pitch-angle  distributions  at  6000  and  7000  km 
altitude  are  characteristic  of  the  escaping  particles.  The  distributions 
are  upflowing,  and  peaked  at  128°  and  136°  respectively  (i.e.,  conical). 
Note  that  the  distributions  observed  above  the  region  of  trapping  show  no 
evidence  of  the  trap  other  than  enhanced  heating  -  the  pitch  angle 
distributions  appear  exactly  as  though  the  ions  gained  all  of  their 
energy  at  a  low  altitude  mirror  point.  Again,  the  simple  model  presented 
here  is  not  meant  to  precisely  represent  the  real  world,  but  rather  is 
meant  to  demonstrate  the  effects  of  trapping  on  ion  energies  and 
trajectories.  However,  many  of  the  features  of  the  model,  including  the 
magnitude  of  the  parallel  electrlo  field,  ion  conic  peak  energies  and 
pitch  angle  distributions  are  quite  comparable  to  the  observed  values. 


.SufflH&EX.! 

Evidence  exists  for  parallel  electric  fields  directed  downward  along 
magnetic  field  lines  in  the  auroral  regions.  Ion  conics,  upf lowing 
electron  beams,  and  downward  net  field-aligned  currents  are  associated 
with  regions  of  downward  electric  fields.  The  inferred  electric  fields 
are  of  sufficient  magnitude  (~.2  mV/m)  to  balance  or  overcome  the 
magnetic  mirror  force  exerted  on  ions  with  perpendicular  energies  of 
hundreds  of  eV.  Therefore  these  downward  electric  fields  are  capable  of 
significantly  affecting  ion  energies  and  trajectories,  as  demonstrated 
through  simple  particle-tracing  calculations  including  wave-particle 
acceleration  and  parallel  electric  fields.  The  significance  of  ion 
trapping  in  ion  conic  formation  can  be  explored  further  through 
quantitative  theoretical  treatment  of  the  trapping  process  and  its  effect 
on  net  ion  heating. 
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Ht  PRODUCED  AT  GOVERN  VENT  FXPENSE 


LABORATORY  OPERATIONS 


The  Laboratory  Operations  of  The  Aerospace  Corporation  is  conducting 
experiment al  and  theoretical  Investigations  necessary  for  the  evaluation  and 
application  of  scientific  advances  to  new  military  space  systems.  Versatility 
and  flexibility  have  been  developed  to  a  high  degree  bv  the  laboratory  person¬ 
nel  in  dealing  with  the  many  problems  encountered  in  the  nation’s  rapidlv 
developing  space  systems.  Expertise  in  the  latest  scientific  developments  is 
vital  to  the  accomplishment  ot  tasks  related  to  these  problems.  The  labora¬ 
tories  that  contribute  to  this  research  are: 

Aer»phvsics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  ^eat 
transfer  and  flight  dynamics;  chemical  and  electric  propulsion,  propellant 
chemistrv,  environmental  hazards,  trace  detection;  spacecraft  structural 
mechanics,  contamination,  thermal  and  structural  control;  high  temperature 
thermomechani cs ,  gas  kinetics  and  radiation;  cw  and  pulsed  laser  development 
including  chemical  kinetics,  spectroscopy,  optical  resonators,  beam  control, 
atmospheric  propagation,  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions,  atmo¬ 
spheric  optics,  lignt  scattering,  state-specific  chemical  reactions  and  radia¬ 
tion  transport  in  rocket  plumes,  applied  laser  spectroscopy,  laser  chemistry, 
laser  optoelectronics,  solar  cell  physics,  battery  electrochemistry,  space 
vacuum  and  radiation  effects  on  materials,  lubrication  and  surface  phenomena, 
thermionic  emission,  photosensitive  materials  and  detectors,  atomic  frequency 
standards,  and  environmental  chemistry. 

Computer  Science  Laboratory:  Program  verification,  program  translation, 
performance-sensitive  system  design,  distributed  architectures  for  spaceborne 
computers,  f aval t -tole rant  computer  systems,  artificial  Intelligence  and 
microelectronics  appl ications. 

Electronics  Research  Laboratory:  Microelectronics,  r.aAs  low  noise  and 
power  devices,  semiconductor  lasers,  electromagnetic  and  optical  propagation 
phenomena,  quantum  electronics,  laser  communications,  lidar,  and  electro¬ 
optics;  communication  sciences,  applied  electronics,  semiconductor  crystal  and 
device  phvsics,  radiometric  imaging;  millimeter  wave,  microwave  technology, 
and  RF  systems  research. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metal 
matrix  composites,  polymers,  and  new  forms  of  carbon;  nondestructive  evalua¬ 
tion,  component  failure  analysis  and  reliability;  fracture  mechanics  and 
stress  corrosion;  analysis  and  evaluation  of  materials  at  cryogenic  and 
elevated  temperatures  as  well  as  In  space  and  enemy-induced  environments. 

Space  Sciences  Laboratory:  Magnetospherlc,  auroral  and  cosmic  ray  phys¬ 
ics,  wave-particle  1 nteract ions,  magnetospherlc  plasma  waves;  atmospheric  and 
ionospheric  phvsics,  density  and  composition  of  the  upper  atmosphere,  remote 
sensing  using  atmospheric  radiation;  solar  phvsics.  Infrared  astronomy, 
infrared  signature  analvsls;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere,  ionosphere  and  magnetosphere; 
effects  of  elect romagnet tc  and  particulate  radiations  on  space  systems;  space 
1 nst  rumen t ati on. 
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